This paper examines the interaction among product innovation, web technology and vertical integration, and their effects on firm efficiency in the fashion industry. One contribution of this work is that we do not assume the effect of these variables on firm efficiency to be monotonic. Additionally, rather than using standard financial ratios, we use the Data Envelopment Analysis (DEA) methodology to measure efficiency. Our results indicate that product innovation has a monotonic and positive effect on efficiency. On the contrary, web technology, as a process innovation, does not always positively affect firm efficiency: it exerts a negative effect during the first stages of the technology implementation, and then it becomes positive when the implementation is more advanced. On the other hand, web technology moderates positively the effect that vertical integration has on efficiency.
2004; Hooley, Greenley, Cadogan, & Fahy, 2005) . Empirical studies have demonstrated that firms with a high degree of customer satisfaction have better economic returns and market value (Anderson et al., 1994; Edvardsson et al., 2000; Eklof & Westlund, 1998) .
Customer satisfaction can directly affect firm's efficiency by increasing revenues (Edvardsson et al., 2000) . New customers can be reached by the recommendations of previous customers with positive experiences.
In the fashion industry, the product life cycle is very short. Firms sometimes change their collections four or five times a year, and sales depend on new product development and the speed with which these products are brought to stores. Thus, organisations must be aware of new customers' preferences and trends, paying greater attention to improving their collections and bringing the new products to the market. This discussion leads us to formulate the following hypothesis:
H2: Product innovation positively affects firm performance.
Vertical integrationOne key element of innovative firms is the managers' capacity
to view the industry and the company in a new light (Jacobs & Heracleous, 2005; Markides, 1997) . Innovative strategies imply new forms of competition in a sector and new ways of doing business, such as vertical integration. Vertical integration is the degree to which a firm owns its upstream suppliers and its downstream buyers (Grant, 2005) and it affect firms' innovativeness (Mazzanti, Montresor, and Pini, 2007) .
Although networking effects coming from outsourcing activities are usually retained important for a product kind of innovation, vertical integration strategies could be more effectives because of the external suppliers' difficulties to understand the viability of innovation activities (Mazzanti, Montresor, and Pini, 2007) . Outsourcing could hamper Cite as: Hurtado, J.M., and Herrero, I. (2014) . The causal effects of product innovation, web technology and vertical integration on firm efficiency. Innovation: Management, Policy and Practice, . http://www.tandfonline.com/loi/rimp20#.V0UTK5ObvIU _______________________________ 8 the strict coordination and the numerous information flows necessary to undertake properly innovative activities (Mazzanti, Montresor, and Pini, 2007) .
The success of vertical integration strategies also depend on the kind of technological change and on the sector it takes place in (Mazzanti, Montresor, and Pini, 2007) In young sectors, product innovation is a key source of competitive advantage, but in mature sectors other sources are needed to compete because the rates of product and process innovation are generally modest in these sectors. The strong competition and the limits on opportunities to establish and maintain competitive advantages are the triggers that create the impetus for changes in marketing, client services and organisation. These changes not only create competitive advantages but also provide the basis for eliminating the competitive advantages of other companies. Firm's degree of vertical integration may affect performance directly and indirectly because vertical integration affects the way that resources and capacities are managed to gain competitive advantage. Activities such as production, marketing, distribution and financing usually require integrative strategies and different forms of business organisation for a firm to attain better performance. By combining distribution with manufacture firms may promote market expansion and growth (Song & Zahedi, 2006) . The fashion sector model is characterised by a high degree of integration compared with other models developed by other sectors. Leading a management model based on innovation and flexibility has resulted in rapid international expansion and excellent performance. Firms in our dataset that integrate vertically, design the frames to their own specifications, as design capabilities comprise a key source of differentiation among fashion firms. The integration of activities such as design, production, logistics and sales, which take place in the company's own stores, has made these firms flexible and fast in adapting to the market. Their business model is characterised by continuous product renovation, in which new products reach the stores twice a week. The key advantage of this model is the ability to adapt the product offering to changing customer desires in the shortest time possible.
In general, this new business model enables fashion firms to shorten turnaround times and to achieve greater flexibility, reducing stock to a minimum and diminishing the risk of producing unfashionable items as much as possible. Also, it enables firms to Cite as: Hurtado, J.M., and Herrero, I. (2014) . The causal effects of product innovation, web technology and vertical integration on firm efficiency. Innovation: Management, Policy and Practice, vol. 16 (1): 144-157. http://www.tandfonline.com/loi/rimp20#.V0UTK5ObvIU _______________________________ 12 firm efficiency (Herrero, 2005) , though it is mostly applied in economic studies. These formal techniques can be classified as parametric or non-parametric. This study adopts a nonparametric method to estimate technical efficiency: the Data Envelopment Analysis technique (DEA). Although DEA is a useful methodology and is commonly used in economic studies, it has not been widely used in the innovation literature.
One of the main advantages of DEA is that the frontier is not restricted by any functional form, as is the case with other efficiency techniques. The technique is based on the observations in the sample, and with some of them, an efficient frontier can be constructed. DEA considers all units under the frontier to be inefficient.
In our case, we are interested in the output-oriented model, because we are more interested in firms' maximising their outputs than we are in their minimising their inputs. output that could be achieved given a certain level of inputs. Note that the rest of the points observed could be using the same level of resources to produce a higher amount of output than they actually do. For example, in Figure 1 , unit E is inefficient, because unit E' uses the same level of input as unit E but produces a higher amount of output.
The distance from each observation to the frontier is an indicator of the level of inefficiency of the unit. The inefficiency rate of unit E is given by the ratio E''E/E E'.
Insert Figure 1 about here
It is important to point out that efficiency is a relative concept. The efficiency rate of a given firm depends on the group of observations with which we are comparing it.
We used a Banker, Charnes and Cooper (1984) DEA model that does not impose any assumption regarding the returns to scale of the production process:
Cite as: Hurtado, J.M., and Herrero, I. (2014) 
Results
The efficiency model was programmed in GAMS, a multi-purpose software package that is mainly used for linear and nonlinear optimisation techniques from which we got the efficiency measures that were subsequently used in a regression analysis.
The average efficiency rate of the firms (Table 1) is reasonably high (0.68), with a standard deviation of 0.25. The minimum estimated value of technical inefficiency is 0.22, and the maximum value is 1 (full efficiency).
Insert Table 1 about here To examine the relationship between the independent variables and firm's efficiency, we carried out a step-wise regression analysis with the (standardized) efficiency rates as the dependent variable. This regression did not assume linearity between the variables and firm performance. The first-order terms associated with the three variables and two second-order terms associated with web technology adoption and vertical integration were included to allow these variables to take on a parabolic relationship (U-shaped) with firm efficiency rather than restricting them to a monotonic relationship. We also indexes were all far away from limit levels, indicating the absence of multicollinearity.
Therefore we regressed the normalised measures of performance on the (standardised) measures of three independent variables: product innovation, web technology and vertical integration. We also included second-order terms for product innovation, web technology and vertical integration to allow a more flexible functional form rather than imposing linearity on the relationships. This implies that we are not imposing the idea that the effect of the innovations on performance has to be positive or negative (monotonic behaviour). Their effect may change with their levels, having a negative effect for low levels of innovation and a positive effect for higher levels (or vice versa).
Furthermore, we included the cross product between vertical integration and web technology to test for the moderating effect of web technology on vertical integration.
The results for the non-linear hierarchical regression analysis among key variables and efficiency are presented in Table 2 . Product innovation and the second-order term of web technology were significant in the regression results. However, although the coefficient associated with vertical integration was not significant when included in the regression, the moderation effect of web technology on the effect of vertical integration on performance was significant and positive. From these results, we can conclude that vertical integration, does not affect performance unless the firm uses web technology (at any level). Therefore, process innovation (measured as web technology adoption) is a key element to consider in pursuing the success of vertical integration and its effect on performance.
The squared term of web technology has a positive coefficient, implying that the relationship is not linear. Furthermore, the positive sign associated with the squared term of web technology suggests a concave upward relationship between web technology and performance. We suggest that for lower or intermediate levels of web Cite as: Hurtado, J.M., and Herrero, I. (2014) . The causal effects of product innovation, web technology and vertical integration on firm efficiency. Innovation: Management, Policy and Practice, . http://www.tandfonline.com/loi/rimp20#.V0UTK5ObvIU _______________________________ 17 use, the effect on performance is negative, whereas performance increases for intermediate or higher levels of technology adoption, until it reaches a level where its effect on performance is positive 1 . We analysed the effect on performance by taking the first partial derivative with respect to the variable web technology and setting it equal to zero. The minimum value for this function was for a level of web technology equal to 2 (Figure 3) . Therefore, the firm performance decreases when web technology adoption is in its initial stages (for the first and second level), whereas it increases when web technology adoption is more advanced (at the third level and higher), resulting in a Ushape graph.
Insert Figure 3 about here Furthermore, the parabolic function suggests that the higher the level of information technology adoption, the higher is its effect on performance (because the curve is steeper, and the second derivative is positive). Therefore, although this study uses crosssectional data, because the levels of technology adoption are discrete it is possible to draw some conclusions about the effect of technology adoption over time. We can conclude that the longer a firm has been using new technologies, the higher the level of information technology adoption they have reached. Web technology is a type of innovation in which firms progressively adapt in a few steps. Therefore, we can conclude from the results that when the firm is at the initial stages of web technology (during the first steps), the effect on efficiency is negative.
Then, as the firm progressively reaches higher (third and following) technology levels (later in time), the firm becomes more efficient. This is why even without time series data on web adoption, which we did not have available because the last steps in the adoption process cannot be done without finalising the first steps, our conclusions can be drawn over time. Firms in the first stages perform at a lower level than those that do Cite as: Hurtado, J.M., and Herrero, I. (2014) . The causal effects of product innovation, web technology and vertical integration on firm efficiency. Innovation: Management, Policy and Practice, . http://www.tandfonline.com/loi/rimp20#.V0UTK5ObvIU _______________________________ 27 Sign. F-change ,193 ,073 
